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SYSTEMS AND METHODS FOR 
THERMAL ISOLATION OF A 
SILICON STRUCTURE 

Background of the Invention 
Field of Invention 

[0001] This invention relates to systems and methods for thermal isolation of a silicon 
structure. In particular, the systems and methods of this invention relate to 
micromachined or microelectromechanical system based devices and the fabrication 
thereof. 

Description of Related Art 

[0002] It is know to thermally isolate a silicon structure from a substrate that supports 
the silicon structure. For example, an integrated optical circuit, as shown in Fig. 1 , is 
described in international patent document WO 99/21036, published April 29, 1999, 
which is incorporated herein by reference in its entirety. The device comprises a 
silicon on insulator (SOI) wafer including a layer of silicon 4 separated from a silicon 
substrate 5 by an insulator layer 6 formed of silicon dioxide. A portion of the layer of 
silicon 4 comprises a waveguide 1 that extends across a V-groove 2 formed in the 
silicon substrate 5. In that manner, the waveguide 1 is substantially thermally isolated 
from the silicon substrate 5. 

[0003] 

As described in WO 99/21 036, th4 waveguide 1 is a rib waveguide. An oxide 
coating 6A is formed over the rib waveguide 1 and an oxide layer 6 is formed under 
the rib waveguide 1 . Temperature? control means 9, such as metal coatings, are 
applied over the rib waveguid^. By passing an electrical current through 
therethrough, the temperature control means 9 are heated to heat the rib waveguide 1 
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and adjust the refractive index of me silicon of the rib waveguide 1 . Because the rib 
(j* y waveguide 1 is substantially the&mally isolated from the silicon substrate 5, the power 
V and time required to heat th^nb waveguide 1 are reduced. 

Summary of the Invention 

[0004] The systems and methods of this invention provide thermal isolation of a silicon 
structure. 

[0005] The systems and methods of this invention separately provide stress reduction for 
a silicon structure. 

[0006] The systems and methods of this invention separately provide a substantially 
stress-free silicon structure. 

[0007] The systems and methods of this invention separately provide a micromachined or 
microelectromechanical system based device with improved performance. 

[0008] The systems and methods of this invention separately provide a micromachined or 
microelectromechanical system based device including a silicon structure that is at 
least partially thermally isolated from a substrate. 



U [0009] The systems and methods of this invention separately provide a micromachined or 
ju, microelectromechanical system based device with improved manufacturability and 

reduced manufacturing costs. 



n 



[001 0] The systems and methods of this invention separately provide thermal isolation of 
a silicon switch. 

[001 1] The systems and methods of this invention separately provide thermal isolation of 
a silicon waveguide. 

[0012] 

According to various exemplary embodiments of the systems and methods of this 
invention, a micromachined device comprises a substrate, an insulation layer formed 
over at least part of the substrate, and a silicon layer formed over at least part of the 
insulation layer. The silicon layer includes a silicon structure that is at least partially 
thermally isolated from the substrate by a gap in the insulation layer and a surface of 
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the substrate under the gap in the insulation layer is substantially unetched. 

[001 3] Jn various embodiments, the substrate is made of silicon. In various embodiments, 
the silicon layer is a single crystal silicon layer. In various embodiments, the insulation 
layer is made of silicon dioxide. 

[0014] In various embodiments, the silicon structure is a thermo-optical switch. In 
various embodiments, the thermo-optical switch is a Mach-Zehnder switch. 

[001 5] According to various exemplary embodiments of the systems and methods of this 
invention, a micromachined device is fabricated by forming a substrate, forming an 
insulation layer over at least part of the substrate, forming a silicon layer over at least 
part of the insulation layer, forming a silicon structure in the silicon layer, and forming 
a gap in the insulation layer that at least partially thermally isolates the silicon 
structure from the substrate, wherein a surface of the substrate under the gap in the 
insulation layer is maintained substantially unetched. 

[001 6] According to other various exemplary embodiments of the systems and methods 
of this invention, a micromachined device is fabricated by forming a substrate, 
forming an insulation layer over at least part of the substrate, forming a silicon layer 
over at least part of the insulation layer, forming a silicon structure in the silicon layer, 
and forming a gap in the insulation layer without affecting a surface of the substrate 
underlying the gap. 

[001 7] In various embodiments, forming the gap in the insulation layer comprises 
removing a portion of the insulation layer with an etch that does not affect the 
substrate. In various embodiments, forming the substrate comprises forming a silicon 
substrate and removing the portion of the insulation layer is with an etch that does 
not affect silicon. 

[001 8] In various embodiments, forming the substrate comprises forming a substrate of a 
first material, forming the insulation layer comprises forming a layer of a second 
material, and forming the gap in the insulation layer comprises removing a portion of 
the insulation layer with an etch that is highly selective between the first and second 
materials. 
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[001 9] In other various embodiments, forming the substrate comprises forming a 
substrate of silicon, forming the insulation layer comprises forming a layer of a 
dielectric material, and forming the gap in the insulation layer comprises removing a 
portion of the insulation layer with an etch that is highly selective between the 
dielectric material and silicon. 

[0020] In other various embodiments, forming the substrate comprises forming a 

substrate of silicon, forming the insulation layer comprises forming a layer of silicon 
dioxide, and forming the gap in the insulation layer comprises removing a portion of 
the insulation layer with an etch that is highly selective between silicon dioxide and 
silicon. 

[002 1 ] These and other features and advantages of this invention are described in, or are 
apparent from, the following detailed description of various exemplary embodiments 
of the systems and methods according to this invention. 

Brief Description of the Drawings 

[0022] Various exemplary embodiments of the systems and methods of this invention 
described in detail below, with reference to the attached drawing figures, in which: 

[0023] Fig. 1 is a cross-sectional view of a known device having a portion of a silicon 
layer thermally isolated from a silicon substrate; 

[0024] Fig. 2 is a top view of an exemplary embodiment of a micro-device including a 
thermo-optical switch according to this invention; and 

[0025] Figs. 3-8B are top and cross-sectional views of various fabrication steps according 
to an exemplary embodiment of a method according to this invention. 

Detailed Description of Preferred Embodiments 

[0026] While this invention is described hereafter with respect to a silicon-based thermo- 
optical switch, it should be understood that the systems and methods of this 
invention are not so limited. On the contrary, the systems and methods of this 
invention contemplate any known or hereafter developed silicon structure that is to be 
at least partially thermally isolated from a substrate. 
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[0027] Furthermore, the systems and methods of this invention contemplate any known 
or hereafter developed device incorporating such a silicon structure. For example, a 
jki silicon-based thermo-optical sw/itch as described below may be fabricated as part of a 
\fflr v reconfigurable optical multiorexer as described in copending Application No. (Attorney 
fflf Docket No. 108757), filed J^ovember 8, 2001 , which is incorporated herein by 
reference in its entirety. 



[0028] According to various exemplary embodiments of this invention, micromachining 
and other microelectromechanical system based manufacturing techniques are used 
to fabricate a device with a silicon structure that is at least partially thermally isolated 
from a substrate. Such manufacturing technologies are relatively advanced compared 
to other potential technologies, yielding more reliable results and greater flexibility. 
However, it should be understood that this invention is not limited to such 
manufacturing techniques. 

f0 [0029] In various exemplary embodiments, surface micromachining techniques are used 
fi to fabricate a micro-device from a silicon on insulator (SOI) wafer as a starting 

Ul material. However, surface micromachining techniques may be used to fabricate a 

3 : s 

rj micro-device according to this invention from a first wafer with an insulating layer, 

l_ such as a patterned semiconductor layer, on at least one side and a second wafer, for 

g 

\1 example, of single crystal silicon, bonded to the insulating layer on the first wafer. 

2 [0030] Fig. 2 shows a top view of an exemplary embodiment of a micro-device 1 00 
fjj including a silicon thermo-optical switch 1 22 according to this invention. In this 

exemplary embodiment, the silicon thermo-optical switch 1 22 is suspended by four 
arms 1 32. The arms 1 32 may be made of an dielectric material, such as silicon 
dioxide, and may form heat sinks for the silicon thermo-optical switch 1 22. Although 
not shown, the silicon thermo-optical switch 1 22 may be heated by any suitable 
means, either known or hereafter developed, such as those described in incorporated 
international patent document WO 99/21036. 



[0031] a s s hown in Fig. 2, the arms 1 iZ'are defined a gap 1 34 formed by a removal of a 
portion of an insulator layer 1 30/The insulator layer 1 30 is formed over a substrate 
1 1 0 and separates the silicon Jriermo-optical switch 1 22 from the substrate 1 1 0. As 
shown, the gap 1 34 extend/under the silicon thermo-optical switch 1 22. Thus, the 



0?> 
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silicon thermo-optical switch V22 is substantially thermally isolated from the 
substrate 110. / 



[0032] An exemplary embodiment of a method for fabricating a micro-device, such as 

the micro-device 100 shown in Fig. 2, according to this invention is illustrated in Figs. 
3-8B. More specifically, Figs. 3-8B are top and cross-sectional views of various 
exemplary fabrication steps that may be used to fabricate a micro-device including a 
silicon thermo-optical switch that is at least partially thermally isolated from a 
substrate. 

[0033] As shown in Fig. 3, the micro-device may be fabricated on a single silicon chip. 
The single silicon chip may comprise a silicon on insulator (SOI) wafer 200 having a 
silicon substrate 210, a relatively thin single crystal silicon device layer 220 and an 
insulation layer 230 disposed between the device layer 220 and the substrate 210. 
The wafer 200 may be fabricated using any known or later developed silicon on 
insulator (SOI) techniques. 

[0034] In the exemplary embodiment, the silicon thermo-optical switch is fabricated in 
the device layer 220. One or more polysilicon layers (not shown) may be added over 
the device layer 220 for fabrication of additional mechanical elements, such as hinges, 
guides, anchors and the like. Active electronic elements (not shown), such as electrical 
traces or logic circuitry, may also be defined in the device layer 220. Alternatively, the 
silicon thermo-optical switch may be fabricated in one of the polysilicon layers 
formed over the device layer 220. 

[0035] As shown in the top and cross-sectional views of Figs. 4A and 4B, respectively, a 
first mask layer 240, such as a photoresist, is formed over the device layer 220. The 
first mask layer 240 may be deposited and patterned using suitable deposition and 
etching techniques, either known or hereafter developed, to define the silicon 
thermo-optical switch. 

[0036] 

Using the first mask layer 240, exposed portions of the device layer 220 are 
etched, for example, using a reactive ion etch (RIE). As shown in Figs. 5A and 5B, the 
etch is stopped at the insulator layer 230. Then, the first mask layer 240 is removed, 
as shown in Figs. 6A and 6B, leaving the silicon thermo-optical switch in the device 
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layer 220. 

[0037] Once the silicon thermo-optical switch is defined in the device layer 220, a 

portion of the insulation layer 230 is removed to form a gap 232, shown in Figs. 8A 
and 8B. The gap 232 formed in the insulation layer 230 at least partially thermally 
isolates the silicon thermo-optical switch in the device layer 220 from the substrate 
210. 

[0038] According to this invention, the substrate 21 0 is to remain intact and unaffected 
by the removal of the portion of the insulation layer 230 to form the gap 232. If a 
surface of the substrate 210 is damaged or partially removed with the removal of the 
portion of the insulation layer 230, important features of the micro-device that may 
be formed in the substrate 210 may be damaged or lost. 

[0039] As shown in the top and cross-sectional views of Figs. 7A and 7B, respectively, a 
second mask layer 250, such as a photoresist, is formed over at least part of the 
insulation layer 230. For the sake of efficiency in manufacturing, the second mask 
layer may also be formed over part or all of the device layer 220 remaining after the 
above-described etch. The second mask layer 250 may be deposited and patterned 
using suitable deposition and etching techniques, either known or hereafter 
developed, to define the extent of the gap 232 to be created. 

[0040] Using the second mask layer 250, exposed portions of the insulation layer 230 are 
etched, for example, using a wet etch. According to this invention, the etchant is 
selected so that the exposed portions of the insulation layer 230 are removed without 
affecting a surface of the substrate 210 underlying the portions of the insulation layer 
230 that are removed. In various embodiments, the selected etchant is highly selective 
between the materials of the insulation layer 230 and the substrate 210. For example, 
where the substrate 210 is made of silicon and the insulation layer 230 is made of 
silicon dioxide, the etchant may be a hydrofl uoric acid solution that will attack the 
silicon dioxide without affecting the silicon during the time required to remove the 
portions of the insulation layer, typically less than one hour. 

[0041] 

f Selectivity will depend on the concentration of the hydrofluoric acid solution, as 
well as ambient temperature. For example, for a hydrofluoric acid solution at room 

\ 
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[0045] 




[0046] 



temperature that is buffered, diluted with water, to have a hydrofluoric acid 
concentration of 49%, a selectivity of about 50:1 or greater is generally considered to 
be highly selective according to this invention. However, it is possible to use a 
selectivity of about 20:1 with an aggressive approach. 

After the desired etch of the insulation layer 230 is completed, the second mask 
layer 250 is removed, as shown in Figs. 8A and 8B, leaving a portion of the silicon 
thermo-optical switch in the device layer 220 that is substantially thermally isolated 
from the substrate 21 0 by the gap 232. 

The systems and methods of this invention provide efficient fabrication of the 
micro-device by avoiding unnecessary steps. For example, selecting an etchant that 
does not attack the silicon of the substrate 210 avoids the need for a protective layer 
between the substrate 210 and the insulation layer 230 or the need for a highly 
controlled etch that removes only a predetermined thickness of the insulation layer 
230 so that a partial thickness of the insulation layer remains over the substrate 210 
where the gap 232 is formed. Further, since the thermo-optical switch in the device 
layer 220 is also made of silicon, the selected etchant will not attack the thermo- 
optical switch. Thus, a protective layer for the thermo-optical switch is not needed. 

Furthermore, the portion of the silicon thermo-optical switch in the device layer 
220 that is substantially thermally isolated from the substrate 21 0 by the gap 232 is 
substantially stress-free . During fabrication, stresses are generated at the silicon- 
insulation layer (oxide) interfaces. However, because the insulation layer 230 is 
removed at the gap 232, no interface remains that would otherwise induce 
deformation. 

On the contrary, as shown in Fig. 1 , the oxide coating 6A formed over the rib 
waveguide 1 and the oxide layer 6 is formed under the rib waveguide 1 will result in 
undesirable stress in the rib waveguide 1 . When the oxide layer 6 is separated from 
the silicon substrate 5, a silicon-oxide interface remains. The oxide layer 6 will tend 
to buckle the rib waveguide 1 toward or away from the silicon substrate 5 once the rib 
waveguide is separated from the silicon substrate 5. 



A suitable technique for fabricating th/ silicon structure as an optical switch is 
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described in copending U.S. Patent Applications Serial Nos. (Attorney Docket Nos. 
i)l D/98777, D/98777Q and D/98777QVK which are incorporated herein by reference in 
their entirety. Another suitable technique is described in copending U.S. Patent 
Application Serial No. (Attorneyi>ocket No. D/A0164), which is incorporated herein by 
reference in its entirety. * 

[0047] While this invention has been described in conjunction with various exemplary 
embodiments, it is to be understood that many alternatives, modifications and 
variations would be apparent to those skilled in the art. Accordingly, Applicants intend 
to embrace all such alternatives, modifications and variations that follow in the spirit 
and scope of this invention. 

[0048] For example, while techniques described above for fabricating a micromachined 
device according to this invention are particularly suitable, it should be understood 
that any known or later developed processing technique for micro-devices may be 
used. For example, conventional photolithography and etching techniques may be 
used. 
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